Objectives-To design a model that could accurately predict eventual lumbar disc surgery in the patient initially presenting with clinical findings of nerve root compression. Methods-Prospective study in 183 patients with nerve root compression sampled from a primary care population. All patients underwent a standardised history, physical examination, and MRI. Surgery carried out in the next 6 months was recorded. Models were constructed to predict whether patients eventually received surgery. Results-Two models were constructed. Reduced model A was based on baseline findings, only, and contained six variables. Model B incorporated change over time as well and contained 10 variables. The area under the curve (in a receiver operating characteristic) for these models was 0.86 and 0.92, respectively. It was shown that at a probability cut oV of 0.60, model B predicted eventual surgery with a sensitivity of 57% and a specificity of 100%. Conclusions-Given the requirement of a high specificity, eventual operation could be adequately predicted in a sample of 183 patients with clinical nerve root compression. The application of the model in patients with nerve root compression might lead to earlier operation in a subset of patients resulting in a reduction of duration of illness and associated indirect costs. An important prerequisite for future application would be the validation of the prediction rule in another population. (J Neurol Neurosurg Psychiatry 2000;68:75-79) Keywords: nerve root compression; disc displacement; surgical therapy; discectomy; prediction Several papers support the eVectiveness of lumbosacral discectomy in patients with clinical findings of nerve root compression. [1] [2] [3] [4] Those clinical findings as highlighted in various papers [5] [6] [7] [8] should then be supported by radiological images of nerve root compression. [9] [10] [11] [12] [13] [14] [15] The issue raised by these papers is how high the likelihood of clinical and radiological nerve root compression should be to warrant operation. 16 The optimal likelihood depends on the situation and the patients' and doctors' preferences. Even patients with near certain nerve root compression are not automatically operated on, however. The nerve root compression should be suYciently bothersome for surgery to be considered by both patient and treating physician. Finally, the complaints of nerve root compression should have existed for a suYcient time period before surgery is considered. What is a suYcient time? In view of the favourable natural course of clinical nerve root compression, 17-20 and the possible complications of surgery, most physicians will probably prefer to continue conservative treatment for at least 6 weeks. If there were a way of predicting an eventual poor outcome of conservative therapy with the subsequent need for surgery at the time that the patient initially presents, time intervals until surgery might be shortened in a subset of patients.
Several papers support the eVectiveness of lumbosacral discectomy in patients with clinical findings of nerve root compression. [1] [2] [3] [4] Those clinical findings as highlighted in various papers [5] [6] [7] [8] should then be supported by radiological images of nerve root compression. [9] [10] [11] [12] [13] [14] [15] The issue raised by these papers is how high the likelihood of clinical and radiological nerve root compression should be to warrant operation. 16 The optimal likelihood depends on the situation and the patients' and doctors' preferences. Even patients with near certain nerve root compression are not automatically operated on, however. The nerve root compression should be suYciently bothersome for surgery to be considered by both patient and treating physician. Finally, the complaints of nerve root compression should have existed for a suYcient time period before surgery is considered. What is a suYcient time? In view of the favourable natural course of clinical nerve root compression, [17] [18] [19] [20] and the possible complications of surgery, most physicians will probably prefer to continue conservative treatment for at least 6 weeks. If there were a way of predicting an eventual poor outcome of conservative therapy with the subsequent need for surgery at the time that the patient initially presents, time intervals until surgery might be shortened in a subset of patients.
In a prospective study, patients with clinical findings indicating nerve root compression were investigated with regard to findings that might predict the future need for operation. This prediction was evaluated by logistic regression at two stages: (1) how could future surgery be predicted at the first consultation (model A), and (2) how could it be predicted at a second consultation after 2 weeks taking into account the disease course over 2 weeks (model B). As the benefits of these predictions might expediate MRI studies and eventual surgery, we assumed that the model used to expediate MRI studies should have a specificity exceeding 95% (limiting the rate of MRI studies done in patients that would eventually not be operated to 5%) and the model used to expediate surgery should have a specificity of nearly 100% (so that no patients would be operated on as a result of the model's predicition that would otherwise not be operated on). The value of the predictive models was estimated to indicate whether future validation of the models in additional research would be useful.
Patients and methods

STUDY POPULATION
Between February 1995 and December 1996, 50 general practitioners (GPs) in Maastricht and surrounding villages asked patients to participate in a study on sciatica. Patients were referred to the neurology department of the Maastricht University Hospital if they presented for the first time with the current episode of pain radiating into the leg below the gluteal fold of suYcient intensity. They were excluded for previous spinal surgery, pregnancy, confinement in prison, unavailability for follow up visits (moving plans, severe disease), and severe comorbidity. The researchers reviewed the selection criteria and applied two further criteria: patients were to have symptoms of and signs of lumbar nerve root involvement (at least two of the following signs and symptoms: typically radicular pain distribution, pain in the leg increasing with coughing, sneezing, or straining, decreased muscle strength, sensory loss, reflex loss, positive nerve tension test). They were excluded if there was an indication for direct surgical intervention (either morphine dependent, intractable pain, progressive, severe decreased paresis of limited duration, or cauda equina syndrome).
BASELINE EXAMINATIONS
All patients selected were examined within 2 days of referral by the GPs and again 2 weeks later. At stage 1, two classes of independent variables were investigated for their predictive value: STAGE 1: HISTORY/QUESTIONNAIRE ITEMS These were age, sex, high education level, living alone, mentally demanding job type, previous episodes of pain in the leg, previous episodes of low back pain, family history, comorbidity, smoking, sports activities, exercised back or abdominal muscles, more pain in leg than back, sudden onset of pain, cause of pain known, pain worse in the evening or night, paroxysmal pain, pain already improving, typically dermatomal pain distribution, more pain on coughing, sneezing, or straining, more pain on sitting, numbness in the leg, paraesthesias in the leg, cold feeling in the leg, worrying about health, intensity of pain in the leg scored by the patient on a visual analogue scale (VAS), complaints considered severe by the physician, pain rating index of McGill pain questionnaire 21 for sensory and aVective dimensions (PRI-S and PRI-A), questionnaire items diYculty putting on socks/stockings, and pain while dressing.
STAGE 2: PHYSICAL EXAMINATION ITEMS
These were finger-floor distance, paresis, hypaesthesia, hypalgesia, ankle tendon reflex difference, knee tendon reflex diVerence, straight leg raising (SLR; the test was positive if there was typically dermatomal pain on straight leg raising at an angle less than 45 o ), reversed SLR, crossed straight leg raising, Kemp sign, NaVziger sign.
Additionally, it was investigated how much predictive value would be gained by reevaluating the patient after 2 weeks, thereby taking the time course into account. The second stage analysis incorporated results of the 2 week follow up visit (instead of baseline values) for typically dermatomal pain distribution, pain worse on sitting, SLR, and crossed SLR. Also, for pain intensity in the leg the change of VAS over 2 weeks was assessed instead of the VAS at baseline. The PRI-A of the McGill pain questionnaire after 2 weeks was investigated instead of the PRI-A at baseline.
STATISTICAL ANALYSIS
Backward stepwise logistic regression analysis 22 with the likelihood ratio test on SPSS software was used to predict surgical intervention in the next 6 months. At the first stage, set I was modelled. Then, set II was modelled also incorporating the predictive variables from the model of set I. The resulting reduced models were based on data collected at first consultation and predicted the likelihood of surgery in the next 6 months. The probability of surgery for each patient can be estimated using the formula below table 2. At any given probability cut oV, some patients will be below the cut oV and some above. These numbers can be compared with the numbers actually operated in a 2×2 table. In this way, sensitivity and specificity values can be calculated for any probability cut oV value. The (1-specificity) versus sensitivity values for the various probability cut oVs of both models are depicted in the receiver operating characteristic 23 24 in figure 1 . The area under the curve was estimated non-parametrically. This area reflects the overall predictive properties of each model. At the second stage, variables investigated at the 2 week consultation were also taken into account. The predictive properties of this model were also investigated using an ROC curve (figure 1). The probabilities at which the specificity would be 95% and 100% were determined. To illustrate the possible consequences of applying the models using these probabilities, an example was worked out in which patients would indeed receive the predicted surgery at an early stage (figure 2).
Results
Twenty nine of 212 eligible patients declined participation. They had slightly less severe disease (as scored on the VAS by the observer) and a somewhat lower score on the aVective dimension of the McGill pain questionnaire. 21 one hundred and eighty three patients were eventually included. Two patients did not return after 2 weeks; both reported improvement. After 3 months a total of 14 patients were lost to follow up, yet data on whether operation occurred was gathered for all 14 patients. Their baseline characteristics and success rate after 2 weeks were similar to the 169 remaining patients. The characteristics of the 183 patients selected are shown in table 1. Thirty patients eventually had surgery.
Overall, the eventual need for surgical intervention could be accurately predicted. Table 2 shows 6 baseline variables that independently predicted eventual surgery: a mentally demanding job, sudden onset of pain, more pain on coughing, sneezing, or straining, diYculty putting on socks or stockings, VAS of pain intensity in the leg, and the reversed straight leg raising test. Together with the intercept they formed the reduced logistic model A. Table 3 shows model B based on both baseline data and the data after 2 weeks as well as the change over time. The predictors were: duration of disease, previous episodes of low back pain or pain in the leg, a positive family history for low back pain or pain in the leg, a mentally demanding job, paraesthesias, a pain worsening on sitting after 2 weeks, the pain intensity in the leg on a VAS, PRI-A of the McGill pain questionnaire, and the crossed SLR. The predictive properties are further summarszed by the receiver operating characteristic (ROC) curves in figure 1. Overall, model B provided a better prediction of surgery than model A. The area under the curve was 0.86 for model A and 0.93 for B. Figure 1 also shows that model A may be preferred, when a very sensitive (few false negatives, upper right corner of ROC) prediction is called for, and model B may be preferred, when a high specificity (few false positives, lower left corner) is the purpose.
Discussion
Our study shows that it is possible to predict eventual surgery in patients with sciatica. Already at first consultation, several characteristics of patients with sciatica predict the eventual need for surgery. A mentally demanding job (as opposed to a mentally non-demanding VAS = visual analogue scale; crude odds ratio=the association between two variables calculated as the odds of a finding being present in the case of eventual surgery divided by the odds of a finding being absent in the absence of eventual surgery (with odds being defined as the probability that the event will occur divided by the probability that the event will not occur). In diagnostic research this odds ratio is often referred to as the likelihood ratio. Logistic regression analysis is an alternative method of calculating odds ratios; adjusted odds ratio=the association between two findings adjusted for the confounding eVect of other findings. Logistic regression has the additional benefit that in a multivariate analysis the presence or absence of a finding can be related to more than one factor. The following paradigma holds for the calculation of the probability of surgery in the next 6 months: Probability (X)= 1/ (1 + e -Y ) Y= +ln (4) job or no job), a gradual onset of pain, an increase of pain on coughing, sneezing, or straining and diYculty putting on socks or stockings are the four history items predicting surgery. Of the physical examination findings, solely a reversed straight leg raising test (SLR) predicts surgery. Of these findings, only an increase of pain on pressure and the reversed SLR are generally considered to be findings of nerve root compression. The model based on first and second consultation allowed an even better prediction of surgery; the area under the curve was 0.93 for model B versus 0.86 for model A. Strikingly, only three of the predictors in the model generally regarded as indicators of nerve root compression predicted surgery: paraesthesias, pain increasing on sitting and a crossed SLR. Another remarkable finding is that model B contains other baseline variables than in model A. Some variables in model A may predict eventual surgery partly because they predict poor outcome after 2 weeks. In a model with outcome measures after 2 weeks, such variables will lose part of their predictive value. On the other hand, the duration of disease contributes to the model only if the outcome after 2 weeks is accounted for. Meanwhile, it reflects that for most patients about 4-6 weeks of complaints will have passed by before surgery is considered. Interestingly, patients with previous episodes of back pain are more likely to undergo surgery, whereas patients with previous episodes of leg pain are less likely. The latter group's experience with previous sciatica episodes that have resolved without surgery may decrease their inclination towards surgery. On the contrary, patients that have had low back pain before, may be more disconcerted by the new experience of radiating pain into the leg. Patients in mentally demanding professions may be more likely to undergo surgery because of a more assertive attitude towards surgeons, or because surgeons may be more willing to operate on working patients that are not in physically demanding jobs. In this respect, it is also striking that patients with a higher score on the aVective dimension of the McGill pain questionaire are more likely to undergo surgery. Finally, the change over time of pain intensity in the leg is a strong predictor. It seems logical that pain levels after 2 weeks in comparison to the baseline levels are related to the likelihood of surgery.
After having stated that surgery can be predicted, an important question is how good the predictive properties of the models are. According to the ROC curves and their corresponding areas under the curve, the overall predictive value is high. The following paragraph will illustrate the potential clinical relevance of the model.
Probability cut oV values can be chosen to suit the particular demand. If patients are very likely to eventually undergo operation, it might be desirable not to wait until this indeed happens, but to operate at an earlier time. If the latter decision were based on the model, the probability cut oV would have to have a very high specificity. Every false positive prediction would imply a patient operated on who would otherwise not have been operated on. A specificity of 100% was possible for model A, but with a sensitivity of only 7%. Hypothetically, model A might then reliably expediate surgery, but only in 7% of the patients that eventually received surgery. For model B, the probability cut oV with a 100% specificity was 0.60. The sensitivity of this probability value was 57%. This means that surgery might be expediated in 17 of 30 patients eventually operated on. This seems a relevant gain.
If this positive prediction had resulted in operation in week 3 instead of further awaiting the natural course, the total waiting time for these 17 would have been 17 instead of 117 weeks. Thus, for 30 patients operated on, 100 weeks of waiting time could be gained if the models were applied. With an employment rate of 60%, estimated indirect costs of 500 dollars/ week related to waiting, and an annual operation rate of 20 000 in the United States, a gain of 3.3 weeks per patient would amount to saving 20 million dollars of indirect costs per year in the United States alone.
There are several reasons why the models cannot be directly applied, however. Firstly, determining the diagnostic properties of a prediction rule in the population from which it was derived will likely overestimate the predictive value. Such a prediction rule should first be validated in another study population. Secondly, the prediction rule was formulated for a population directly derived from primary care. It remains to be shown whether the characteristics of the prediction rule can be extrapolated to more selected secondary care populations. 25 Finally, the prediction rule is dependent on the indications for surgery currently applied in our hospital. If other indications for surgery are used, the predictive rule may no longer hold. The models only show that given a set of indications (namely, those in our hospital) eventual surgery in sciatica can be predicted. Importantly, most of the predictors do not seem to be obvious indications for surgery. The nature of the predictors in the model and particularly the striking lack of classic indicators of nerve root compression suggest that many non-medical factors influence the decision to operate. It is not unlikely that this is a universal situation.
